at the Bureau International des Poids et Mesures (BIPM), Sèvres. Seventeen absolute gravimeters were used to make measurements at five sites of the BIPM gravity network. The vertical gravity gradients at the sites and the ties between them were also measured using seventeen relative gravimeters. For the first time the ties were also measured using absolute gravimeters. Various methods of processing the absolute and relative data were tested to calculate the results. The final results of ICAG-2001 are presented. The acceleration due to gravity at a height of 0.90 m is given as (980 925 701.2 ± 5.5) µGal* and (980 928 018.8 ± 5.5) µGal for sites A and B, respectively, calculated using a combined adjustment of the absolute and relative data.
Introduction
The Sixth International Comparison of Absolute Gravimeters, ICAG-2001, continues the series of such comparisons started in 1981 [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . All the ICAGs have been organized jointly by the BIPM and Working Group 6 (Comparison of Absolute Gravimeters) of the International Gravity Commission (IGC) and from 1999 by the International Gravity and Geoid Commission (IGGC). Like the previous comparisons, ICAG-2001 was held at the BIPM (Sèvres, France). Seventeen absolute gravimeters (AGs), from twelve countries and the BIPM, and seventeen relative gravimeters (RGs) from eight countries were used during the comparison, which ran from June to August 2001 and (for the IMGC group) from 27 September to 2 October 2001.
To allow all the measurements to be made within this relatively short period, the BIPM has constructed an additional site for measurements in its new building, the Pavillon du Mail. Seven sites of the BIPM gravity network were used for the relative measurements and five for the absolute measurements.
On the basis of experience gained in the previous comparisons, and considering the increasing number of absolute gravimeters worldwide and their emerging role as primary standards in gravimetry, a joint meeting of the ICAG-2001 steering committee and IGGC Working Groups 6 and 8 defined the following goals for the comparison. The primary objective of ICAG-2001 was to determine the level of uncertainty in the absolute measurement of free-fall acceleration on the ground and to evaluate the possibility of determining a comparison reference value [11] for at the sites of the BIPM gravity micro-network. Such a reference value, as usually determined in a key comparison [11] , would allow correction values to be determined for the results of the gravimeters participating in the comparison.
Regarding this primary objective, the specific goals of ICAG-2001 were
• to establish an updated gravity micro-network at the BIPM;
• to use both AGs and RGs to measure the ties of the gravity micro-network;
• to establish a data-evaluation procedure for absolute and relative measurements during this and future ICAGs;
• to determine the absolute values and vertical gravity gradients at the BIPM sites;
• to determine the uncertainties in absolute and relative measurements.
Various combinations of absolute and relative data (absolute only, or combined absolute and relative) were adjusted to determine the absolute values at the BIPM sites and the results were compared with those obtained when adjusting only the relative data. The combined adjustment, achieved in an ICAG for the first time, yielded both values at the sites, which are important for long-term analysis of variations of the gravity field at the BIPM gravity network, and an estimate of the uncertainty of the measurements. In previous ICAGs the gravity ties measured only by relative gravimeters were used to transfer the values from site to site, and the final result of comparisons, i.e. the mean value of all the results of the absolute measurements transferred to the reference point, was calculated using these ties. The combined adjustment used in the calculation of the results of ICAG-2001 provides the values at all the sites and, subsequently, the ties between the sites. The number of absolute gravimeters is increasing, and network ties can now be measured using an AG alone. This changes the role of absolute gravimeters [12] , which are becoming the primary standards in gravimetry in place of the traditional gravity networks. It is important to investigate the achievable level of uncertainty and to compare measurements of the network using relative and absolute gravimeters. The potential accuracy of ballistic absolute gravimeters has been estimated in various publications (see, for example, [13] ) but only the ICAGs provide an opportunity to compare practical measurements of the ties using numerous relative and absolute gravimeters.
Two different kinds of observation equation were used for the adjustment of the relative data. The first was based on the readings of the relative gravimeters [8, 10] , and the second used the differences between these readings [14] .
The use of various approaches to data processing improves understanding of the analysis of the absolute and relative results and provides a basis for the choice of data-processing method to be used in future gravimeter comparisons. Such details might be included in the technical protocol of a future comparison, to bring under regulation its organization, measurement strategy, method of data processing and presentation of the results of the comparison.
BIPM gravity network
The construction at the BIPM of a new building, the Pavillon du Mail, made it possible to extend the gravity network by creating a number of new sites for measurements. The foundation for the new sites (B, B1, B2, B3 and B4) is a concrete block with a mass of more than 70 tonnes and dimensions 6.0 m (length) 4.0 m (width) 1.5 m (depth). The top surface of the foundation is levelled to the floor to minimize inhomogeneity of the gravity field. This construction differs from that of the pillars of sites A and A2, which have a height of about 2.4 m above floor level in the basement. To improve isolation from micro-seismic vibrations, the new foundation is installed on pads of an elastic material inserted between its lower surface and the bottom of the hole in the concrete basement. No metal reinforcing bars were used in the construction Sites A, A2, L3, L4, B, B1 and B3 were used for the relative measurements and sites A, A2, B, B1 and B3 for the absolute measurements. The values at these sites vary by up to 2.3 mGal at floor level (Table 2) . Compared with previous ICAGs this improves capacity to check and monitor the calibration parameters of the relative gravimeters and their feedback systems.
During the comparisons in 1994 and 1997 it was found that the sites of the BIPM outdoor calibration line suffer poor environmental conditions (high level of micro-seismic noise, etc.), so this calibration line was not used for ICAG-2001. Table 1 lists participants in ICAG-2001 together with their gravimeters. The absolute gravimeters may be classified into four main groups: JILA-type gravimeters, FG5-type gravimeters, the A10 gravimeter and the IMGC gravimeter. The FG5 group may be split into at least three subdivisions differing in composition (dropper mechanism, length of free-fall path of the test body, laser interferometer unit, the use of a fibre-coupled or incorporated laser, modifications of the electronic units, software, etc.). Only the IMGC gravimeter is of a rise-fall type. The relative gravimeters were of three main types: LaCoste-Romberg (LCR), Scintrex and Sodin.
Participants in ICAG-2001

Relative gravimetry series of measurements and data processing
In this section only a brief review is presented of the organization, measurements, data-processing principles and most important numerical results of the relative measurements of ICAG-2001. A detailed analysis of the relative measurements will be published in a dedicated paper. General discussions, related to the previous comparisons, on the relative measurements required for the determination of -value differences between pillars (network ties) and vertical gravity gradients above the pillars, can be found in [1-4, 6, 8, 10] .
Relative measurements
Measurements of the network ties and gradients at each site were made separately. The height of the gravity field sensor of the relative gravimeter was brought close to the reference heights (listed below). For the network determination each gravimeter measured three loops, defined as a continuous sequence of measurements. The loops were established such that each yielded at least one direct tie between any pair of sites of the network. The various points were measured at quasiequal time intervals so that the measurement accuracy was homogeneous and correction of the zero-drift of the gravimeters was facilitated. Five loops with fixed tie configurations were proposed. In order to reduce the gradient correction error in the absolute measurements, the network was defined and measured at a height of 0.9 m above a benchmark defined by a cross engraved on the cover plug over the aluminium disk installed at each site. The total thickness of the disk including its plug is 12 mm. The height 0.9 m is an intermediate reference height for absolute measurements, consistent with that chosen for previous comparisons and corresponding approximately to the average height of attribution of for the absolute gravimeters. The vertical gravity gradients, which are known to be non-linear at the sites of the BIPM network [9] 
Data processing
Data processing was carried out following the standard procedure for high-precision gravimetry [2] . Preprocessing included the calculation of corrections for Earth tides and the differences of the sensor heights from the nominal reference height at each point, and the conversion of the gravimeter readings to values in milligals using the owner-supplied scale factors. Tidal corrections included the observed tidal factors as given in the database of the International Centre for Earth Tides (ICET) [9] .
The corrected readings were used as the input data for two independent adjustment procedures. The first adjustment procedure was developed by Becker et al. [8] and uses a model based on the gravimeter readings. This approach was used to process the relative data in all previous ICAGs. The second approach was developed at the BIPM by Jiang et al. [14] and uses a model based on gravity differences. This approach was originally developed for the adjustment of the China Gravity Base Net 1985 System and uses the "adjG" software modified and adopted to the ICAG-2001 gravity network.
Observation equations for the adjustment
As this is the first time the "adjG" software has been used to process ICAG data, the observation equations and principles of the adjustment are summarized here. Detailed discussion of the mathematical models may be found in [14] .
The observation equations for the relative measurements are obtained to adjust the differences of the gravimeter readings, omitting periodic terms as in the ICAGs. The equations may also be used for the absolute measurements if these were performed at a minimum of two points within a time interval during which the parameters and offsets of the absolute gravimeter remain stable.
The observation equations for the -value differences with weights may be written (1) where : weight of the adjusted -value difference between points and . For relative gravimeters the weight is firstly predetermined using analysis of the zerodrift behaviour of the closure measurements in the loop and, if necessary, modified for each -value difference based on its residuals in the preadjustment. For absolute gravimeters the weight depends on their individual uncertainty and the gradient correction error. : residual of the adjusted -value difference between points and . , : adjusted values at points and . , : zero-drift-corrected readings of the relative gravimeter at points and ,o r values measured using the absolute gravimeter. , : degree and coefficients of the polynomial of order of the gravimeter scale function. For the absolute data and . The unknowns, such as the gravity values and the parameters of the scale functions, are determined by the least-squares method of minimizing the residuals based on the observation equations. This also provides estimates of the mean square errors for all unknowns determined.
The zero-drift corrections for the relative gravimeters were applied in the pre-processing stage, whereas in the alternative adjustment according to [8] the drift determination was included in the adjustment as a whole. A polynomial model was used to estimate the zero drift of a loop measured within about 5 hours. A network loop gives about nineteen closure measurements. For the LCR and Scintrex gravimeters the gradient loops give thirteen and ten closure measurements, respectively. The software autodetects the required order of zero-drift polynomial from the closure number divided by five (at least five observations are required to determine an unknown polynomial coefficient in order to obtain a reasonable correction for zero drift). If there are eleven closure measurements in a loop, for example, a second-order polynomial is applied.
A polynomial of at most third order and at least first order was determined by least-squares pre-adjustment. In the case of zero-drift jumps or discontinuities, the loop to be processed was divided into two sub-loops and zero drifts were calculated separately. The mean square error of such zero-drift-free gravity readings varied from 1 µGal to 2 µGal for the gradient measurements and from 2 µGal to 5 µGal for the network measurements, for both the quartz-spring Scintrex and metal-spring LCR gravimeters.
The observation equations for values (or a single corrected absolute gravity observation) is (2) where : adjusted value at point , calculated with weight . : offset of the -th gravimeter. The offsets of those absolute gravimeters with larger residuals were determined in test computations. However, it was decided that for ICAG-2001 the offsets of the absolute gravimeters would not be taken into account, in order to better reveal any discrepancies between the absolute measurements. For the combined adjustment of the results of the absolute and relative measurements, values for one selected point were used according to (2) ; all other values as well as the relative gravimeter readings were introduced according to (1) .
In the calculation of the vertical gravity gradient correction, we assume that the gravity field over the sites may be represented by a second-order polynomial function of height above the benchmark: (3) where the coefficients , and are obtained for each site by least-squares minimization. The gradient correction of the -value difference between the heights and is given by (4) Equation (4) is then used to transfer the relative gravimeter readings from the sensor heights to the reference heights (0.05 m, 0.30 m, 0.60 m, 0.90 m or 1.30 m) and to transfer the values measured using the absolute gravimeters from the height of the observations (the highest point of the path of the falling test body) to the standard network height of 0.90 m.
Weighting of measurement results
A weighting scheme assuming non-correlated observations was applied and any results lying outside three times the mean standard deviation of the residuals (differences between the mean and measured values) were rejected. The weights lie within the limits . The upper limit was set to avoid the domination of any one gravimeter and the lower limit ensures that all the gravimeters contribute.
Weights for value
The weight of the measured absolute value corresponding to (2) is given by (5) where is the mean square error of the measurement and 4.5 µGal is the a priori unit weight mean square error, chosen to match the assumed combined error of an absolute gravity measurement:
where 0.5 µGal is the average uncertainty resulting from the gradient determination (the details of its calculation will be published in a BIPM report [15] ).
2.0 µGal is the average standard deviation of the absolute gravity measurements (excluding some of the data of the A10-003 gravimeter, see Table 5 ).
4.0 µGal is the average systematic error of the absolute measurements (determined iteratively after the adjustment of (i) only the absolute data and (ii) combined adjustment of the relative and absolute data). Here, the limit 0.01 was chosen to reduce the contribution of those measurements with large residuals. No assignment of was necessary because the weights of all the results of absolute measurements were similar and no over-weighting of a particular gravimeter was expected.
Weights for -value differences
The weights for the gravity differences in observation equation (1) are given by the formula (8) where is the mean square error of the corresponding gravity differences. There are two cases:
(a) For relative gravimeters, is estimated from the zero-drift calculation and is therefore common to all the gravimeters within a particular loop. The corresponding weight lies within the limits , chosen to be 0.1 and 4. The upper limit,
, was determined such that , where is the total number of observations, is equal to half the total weight of the relative observations. In this way, provides optimal reliability to the ensemble average in which the number of outlying observations (those lying outside three times the standard deviations of the residuals) is minimal.
(b) For absolute gravimeters, (9) where and are the standard deviations of the values measured using the absolute gravimeters at points and . A fourth-term contribution arising from systematic errors is neglected because the systematic errors for any particular gravimeter are highly correlated, which to a large extent compensates the effect of these errors.
Results of adjustment
Test computations to optimize the data-processing strategy were performed taking the following into consideration:
• accuracy, weighting of the data, discrepancies, and systematic errors and offsets of the absolute measurements;
• accuracy, weighting of the data, discrepancies and scale calibrations of the relative gravimeters;
• outlying data and data rejections;
• gradient corrections.
Based on these parameters, different adjustments were performed as follows.
1. Adjustment of the results of only the relative measurements. This is an unconstrained network adjustment with fixed point A, either with or without the use of owner-supplied scales. Some well-known calibration baselines, such as the ParisOrléans absolute baseline and the Hanover vertical baseline [16] , were indirectly introduced in the tests.
2. Adjustment of only the absolute measurement data.
3. Combined adjustment of both relative and absolute data.
Vertical gravity gradients above each site were approximated using second-order polynomials based on the results of adjustment 1. Adjustments were made using the two models outlined in Section 4.2. In theory, both models should result in the same values calculated from a common data set, assuming an adequate model for the gravimeter drift, tares and interruptions as well as for the convergence of the iterative weight determination of each measurement. In practice, however, the results of the two adjustment models differ slightly due to differences in outlier rejection levels, drift and tare models as well as in the final determination of the weights. Tests showed that the discrepancies between the two models are no greater than 1.1 µGal. For the final evaluation of ICAG-2001 data it was decided to accept the differences between two independent solutions when they became less than the uncertainties of the estimated parameters. At this point the iteration in the data cleaning and model refinement was stopped.
After these tests, the second model [14] was used for the data analysis and calculation of the final results of ICAG-2001.
Adjustment of the relative measurement data
Although all the participating relative gravimeters were supposedly calibrated, a uniform scale for the relative networks was introduced implicitly during the adjustment by fixing the scales of the gravimeters G709 and G79. These gravimeters belong to the University of Hanover and were calibrated on the Hanover calibration system immediately after the relative measurements of ICAG-2001. Table 2 presents the results of the adjustment of so-scaled relative data based on -value differences and Table 3 the coefficients of the polynomials (3) representing the gravity field over the sites.
Absolute measurements and combined data processing
Absolute measurements and reductions
A four-point gravity network (sites A, A2, B, B1) was chosen for the absolute measurements, to allow the six ties between them to be measured at least five times. Figure 4 shows the gravity ties measured during ICAG-2001.
Gravimeters FG5-213 (Japan) and FG5-204 (USA) used the electronic timing unit belonging to the BIPM because of some troubles with their own timing electronics. The interferometer unit and laser of the gravimeter JILAg-5 (Finland) were replaced due to breakdown after the measurements at sites B and B1 and the measurement data of this gravimeter at the remaining sites A and A2 were processed as the data from a different gravimeter JILAg-5/1. The data of A10-b002 (BKG, Germany) were not presented by the participants for processing. The data of FG5-206 were presented from only one site, B. The first stage of the absolute data processing was reprocessing using, where possible, the same software. The new software was used for most of the instruments except FG5-105 (for which REPLAY 2.22 software was used), FG5-108 (for which a Unix version was used), FG5-213 (for which REPLAY 3.14 was used) and JILAg-6, for which REPLAY software (previous version of Micro-g Solutions software) was used. The algorithm in all versions is the same, but the format of the input data differs. For the IMGC and JILAg-5 (and JILAg-5/1) gravimeters the operators provided their own processed results.
The drop data output by these free-fall gravimeters are the space intervals determined by means of laser interferometry, and the time intervals with respect to the start of the drop (or throw) of the free-falling test body. The free-fall acceleration is then estimated by fitting the parameters in the appropriate equation of motion to these sets of data. In general, 600 scaled fringes starting at fringe 30 (see Table 4 for each gravimeter) were selected for the fitting of the equation of motion to the data. A scaled fringe corresponds to (λ/2) where is the fringe scale factor (specified, for example, as 4000 in Micro-g Solutions software OLIVIA) and λ is the nominal wavelength of the laser radiation. The start and stop fringes were selected based on the slight dependence of the resulting value. No system response correction was applied. Correction for the speed of light was made using the retarded time scale (10) and the equation of motion was (11) where is the speed of light, are the time and position of the free-fall test body during a drop, is the vertical gravity gradient as measured with the relative gravimeters (at 1.2 m for the FG5 gravimeters and 0.9 m for the others), and the three unknowns are (initial position), (initial velocity) and ( value at ). At this stage the gravity gradients were calculated using preliminary results of the relative measurements [17] . We did not include here additional terms for the laser frequency modulation.
A correction of -0.003 µGal/Pa was applied to all the barometric pressure data. The barometers of the different gravimeters were compared against a BIPM pressure sensor: no individual corrections were applied because no standard calibration protocol existed. The tidal predictions were estimated using the observed 
B1 B1
8010.7 ± 8.9 B1 B1;w 8011. 4 ± 6.4 tidal parameters for Sèvres, provided by the ICET [9] . These observed parameters include solid Earth tides and attraction and loading effects from the ocean tides, obtained from an analysis of 292 days of data recorded at the BIPM from 6 May 1974 to 24 July 1977 using a LaCoste-Romberg spring gravimeter. The laser frequencies were measured by beat frequency measurements against one of the BIPM's reference He-Ne/I 2 lasers. The rubidium clock frequencies were referred to a local caesium clock using an SRS620/1 frequency counter in frequency mode.
The absolute results for all the gravimeters and all the sites are presented in Table 4 . For each gravimeter the mean values at height top (column 9 in Table 4) were then transferred to a height of 0.9 m over the sites using the polynomials for the gravity field distributions (see (3) and Table 3 ).
Combined adjustment and results
The transferred values were used for the combined adjustment of the absolute and relative data. The results of absolute measurements at site A were introduced according to (2) ; all other absolute results were introduced according to (1) in the form of differences, as for the relative data. The results of two alternative adjustments are presented in various forms in Tables 5a  to 5c and Tables 6a to 6c, respectively.  Tables 5a to 5c represent the results of a combined adjustment of all the relative and absolute data, including the weighted and unweighted means at sites A and B. Tables 6a to 6c omit the data from some of the absolute gravimeters. The results of gravimeter A10-003 at sites A and A2 were rejected because, as can be seen in Tables 5a and 5b , the residuals at these sites (differences between the adjusted and measured values at 0.90 m) are greater than three times 11.5 µGal (the standard deviation of the differences between the values transferred to site A at 0.90 m and their unweighted mean). The data of FG5-301 were omitted because these results were processed with an unexplained shift of 17 µGal recommended by the manufacturer. The data from the JILAg-5 and IMGC gravimeters were omitted in Tables 6a to 6c because the raw data of their measurements were not presented.
The following symbols are used in these tables: No.: number of the measurement, defined as the number of the gravimeter and point number. Grav.: type and serial number of the absolute gravimeter. P: point for which the value is given, defined as the site and the height of the point in centimetres. :
value transferred from height top (Table 4 , column 9) to the point 0.90 m above the plug of the ground disk at the site. This transfer is calculated using the corresponding polynomials representing as a function of height. : value obtained by combined adjustment.
: residuals of adjusted values. : least-squares error of . : weight of value in the combined adjustment, calculated as described in Section 4.2.2. : value transferred to point A at a height of 0.90 m using the difference obtained by the combined adjustment. : value transferred to point B at a height of 0.90 m using the difference obtained by the combined adjustment.
: difference between and the unweighted mean value , averaged over all the . : difference between and the weighted mean value , averaged over all the . : differences between and the weighted mean , averaged with the weights over the data transferred from the given point P (P A2, B, B1) to A or measured at A ( ) ; : unweighted mean values of for each absolute gravimeter, and its standard deviation ; the difference between and the weighted mean value 5700.5 µGal of all the in Table 5 , and the weighted mean value 5701.2 µGal of all the in Table 6 . Table 7 compares the results of different versions of the adjustment of relative and absolute data. Here, "adj " designates:
• adj1: combined adjustment of weighted absolute and relative data with some omitted data, as in the calculation of Table 6; • adj2: combined adjustment of all weighted absolute and relative data, as in the calculation of Table 5; • adj3: adjustment of only unweighted absolute data of all the absolute gravimeters;
• adj4: adjustment of only weighted absolute data of all the absolute gravimeters;
• adj5: adjustment of only weighted absolute data with some omitted gravimeters, as in the calculation of Table 6; • adj6: adjustment of relative data only (Table 2) where the Hanover vertical calibration scale was used [16] .
is the difference between the results obtained for point P using adjustments "adj1" and "adj ", where 2, 3, 4, 5, 6. Table 8 presents the results of adjustment "adj6" of the data of relative measurements only (Table 2) with the fixed calibration scale of the gravimeters of Hanover University and that of the combined adjustment "adj1" of both absolute and relative data.
Both absolute and relative measurements of the ties of the gravity micro-network agree very well (see results of "adj1", "adj5" and "adj6" in Tables 7 and 8 ).
The mean value and its standard deviation of the almost continuous measurements from 1 July to 3 August 2001 at point B3.090 using gravimeter FG5-108 are (980 925 890.5 ± 0.6) µGal. This confirms the good stability of the gravity field at the BIPM during ICAG-2001. Table 6c . Unweighted and weighted means of the results of the measurement at each site at 0.9 m (expressed in microgals after subtraction of the reference value 980 920 000 µGal). Figure 5 shows the results of the combined adjustment of the relative and all absolute measurements during Table 8 . Comparison of results of the adjustment of data of relative measurements ("adj6") at each point and corresponding results of the combined adjustment of absolute and relative data ("adj1", see Tables 6 and 7) . The results are expressed in microgals after subtraction of the reference value 980 920 000 µGal. 1;6 is the difference between the results of "adj1" and "adj6" at point P.
Comparison between ICAG-2001 and ICAG-97
No. Point adj6 adj1 Table 5a ) and the results of the absolute measurements during ICAG-97 (Tables 5a  and 7 and Figure 1 in [9] ). All these results are transferred to point A.090. The unweighted mean value of all absolute measurements during ICAG-2001 (column 14 of Table 5a ) is (980 925 698.5 ± 11.5) µGal ( Table 5b ). In comparison, the unweighted mean value of all absolute measurements transferred to point A.090 during ICAG-97 was (980 925 707.8 ± 2.8) µGal.
The results of the combined adjustment of the relative and absolute data of ICAG-2001 with some data omitted (column 14 of Table 6 ), are shown in Figure 6 together with the results of the absolute measurements during ICAG-97. The weighted mean of the absolute measurements during ICAG-2001 is (980 925 701.2 ± 5.5) µGal (Table 6b) .
The unweighted mean value of all the absolute measurements transferred to point A.090 during ICAG-2001 is 6.6 µGal lower than the weighted mean obtained in ICAG-97. Note that the results of the measurements made using the BIPM absolute gravimeter FG5-108 at point A.090 in 1997 and 2001 coincide within 1 µGal.
Conclusions
The values obtained as a result of a combined adjustment of the weighted data of the absolute and relative measurements during ICAG-2001 at sites A, A2, B and B1 of the BIPM gravity micro-network are (Table 7) 10 9 ), which is calculated as the weighted mean of the residuals (differences between the value obtained by each gravimeter at point A.090 and that obtained by the combined adjustment "adj1", see column 14 of Table 6a ). This uncertainty is larger than that obtained at A.090 during ICAG-97 (2.8 µGal).
The value at A.090 obtained from thirteen absolute gravimeters during ICAG-2001 (Table 6a and Figure 6 ) is 6.6 µGal lower than the value obtained from fifteen gravimeters during ICAG-97. Eight of these gravimeters participated in both ICAG-97 and ICAG-2001. The results obtained in the two comparisons lie within 2 µGal (i.e. negligible difference) for two gravimeters; the difference 2001 -1997 is positive for two gravimeters and negative for the other four.
Comparison of the results of the combined adjustment of all the absolute gravimeter data (Table 5a and The maximum difference between the values at A.090 obtained during ICAG-2001 by the different gravimeters is 32 µGal (between JILAg-6 and A10-003). If we omit the result of A10-003, which has a low weight (less than 0.1, see Table 5a ), the maximum difference is 19 µGal (between JILAg-6 and FG5-211).
The use during ICAG-2001 of both absolute and relative measurements of the BIPM gravity network, and the combined adjustment of the weighted absolute and relative data, have not reduced the uncertainty of the values obtained compared with the results of ICAG-97. Taking into account the improvement in the BIPM sites, the increased number and improved measurements of the gravity gradients, and the demonstrated stability of the gravity field at site B during the principal part of the absolute measurements, one is forced to conclude that this situation is related to the performance and operation of the absolute gravimeters. It must be emphasized that the results of the measurements during ICAG-2001 and ICAG-97 using some of the absolute gravimeters are in good agreement. This testifies to the high potential performance of thoroughly maintained and properly operated gravimeters with well-investigated systematic uncertainties.
The technical protocol should be developed and adopted for future comparisons. It should regulate their organization, measurement strategy and methods of data processing, the calculation of uncertainties including the budget of systematic uncertainties for individual gravimeters following the recommendations usually used in metrology [11, 18] , and presentation of the results.
It is important that such comparisons include various types of absolute gravimeter, developed using different basic principles (free fall of massive test bodies or atomic interferometry) and different designs (for example dropping mechanics, interferometer layout, interference fringe detectors and counters, data-acquisition electronics, type of laser radiation (for example at 633 nm or 532 nm, modulated or unmodulated in frequency), vibro-isolation system for reference reflector, etc.).
Further investigation of the sources of systematic uncertainties is necessary to complete the calculation of the uncertainty budget and to improve understanding of the remaining discrepancies in the results of the absolute measurements.
Regular monitoring of the gravity field at the BIPM using the BIPM absolute gravimeter is important to ensure that possible changes between the results of ICAG comparisons do not arise from changes in values at the sites of the BIPM gravity micro-network.
In ICAG-2001, good agreement was obtained between the results of the adjustment of only relative data ("adj6") and combined adjustment of relative and absolute data ("adj1"). Nevertheless, the relative measurements of the ties of the BIPM gravity network and the gradients at the sites, to ensure their stability and investigate the discrepancies between the ties and gradients obtained in 1997 and 2001, are still important for comparisons of absolute gravimeters and require quite distinct organization.
